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ABSTRACT 
Act iva ted  carbons prepared from c o a l s  by chemical means us ing  
phosphoric  a c i d  as t h e  a c t i v a n t  have a dominantly microporous 
a d s o r p t i v e  c a p a c i t y  which deve lops  u p  t o  4 5 0  ‘C. Chemical 
a c t i v a t i o n  promotes ca rbon iza t ion  a t  lower t empera tu res  than 
i s  o b t a i n e d  t h e r m a l l y  and i s  e f f e c t i v e  i n  removing s u l f u r ,  
mainly a s  hydrogen s u l p h i d e .  Reducing t h e  a sh  c o n t e n t  of  a 
bituminous coa l  by  c l ean ing  p r i o r  t o  a c t i v a t i o n  has  b e n e f i c i a l  
e f f e c t s  upon s u r f a c e  a rea  development. 

INTRODUCTION 
Coa l s  are  widely used a s  f e e d - s t o c k s  f o r  a c t i v a t e d  ca rbons  
produced by “thermal” methods, i . e . ,  by ca rbon iza t ion  fol lowed 
by r e a c t i o n  with ox id iz ing  gases  ( e . g . ,  steam o r  carbon d iox ide )  
a t  e l e v a t e d  t e m p e r a t u r e s .  By c o n t r a s t ,  t h e  p r e p a r a t i o n  o f  
a c t i v a t e d  carbons from c o a l s  by “chemical” a c t i v a t i o n  ( i  . e . ,  by 
r e a c t i o n  with an i o n i c  r eagen t  a t  lower t empera tu res  than  a r e  
used for thermal a c t i v a t i o n )  has been l i t t l e  s tud ied .  Chemically- 
a c t i v a t e d  carbons a r e  commercial ly  produced from c e l l u l o s i c  
p r e c u r s o r s  u s ing  z i n c  c h l o r i d e  or phosphoric  a c i d  a s  a c t i v a n t s  
(l), bu t  he re  t o o  t h e r e  i s  l i t t l e  fundamental  understanding of 
t h e  chemistry of t h e  conversion p rocesses .  

The o b j e c t i v e s  o f  t h e  p r e s e n t  work a r e  t o  i n v e s t i g a t e  t h e  
p o t e n t i a l  of c o a l s  of d i f f e r e n t  rank a s  p r e c u r s o r s  f o r  t h e  
p r o d u c t i o n  of a c t i v e  ca rbons  u s i n g  phosphor i c  a c i d  as t h e  
a c t i v a n t .  S p e c i f i c  aims a r e  t o  r e l a t e  t h e  development  o f  
p o r o s i t y  i n  t h e  carbons t o  t h e  s t r u c t u r e  of  t h e  p recu r so r  and t o  
t h e  chemical and morphological changes.  In  t h i s  paper  we r e p o r t  
a s t u d y  us ing  a subbituminous c o a l  and a bituminous c o a l  as 
p r e c u r s o r s ,  i n c l u d i n g  some r e s u l t s  o f  p r e - c l e a n i n g  t h e  
bituminous coa l  u s ing  f l o t a t i o n .  

EXPERIMENTAL 
Chemical Ac t iva t ion .  
The sub-bituminous c o a l  i s  mined from t h e  Wyodak seam i n  Wyoming 
(des igna ted :  Wyodak c o a l )  and t h e  bituminous c o a l  was s e l e c t e d  
from t h e  I l l i n o i s  Coal Basin Sample Program (des igna ted  I B C  101 
c o a l ) ;  chemical ana lyses  of t h e  c o a l s  a r e  shown i n  Table 1. 
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The ground c o a l s  (-850 p n )  were r e a c t e d  with 50% phosphoric  a c i d  
i n  two temperature  s t a g e s .  For t h e  Wyodak coa l ,  t h e  f i r s t  s t a g e  
invo lved  r e f l u x i n g  a c o a l - a c i d  mix tu re  ( 4 : l  r a t i o  of a c i d  
s o l u t i o n  t o  c o a l )  f o r  60 min, fo l lowing  which t h e  s l u r r y  was 
concen t r a t ed  by evapora t ion  (maximum temperature ,  about 130.C).  
In  the  second s t a g e ,  t h e  s l u r r y  was hea t  t r e a t e d  i n  a s t a i n l e s s  
s teel  r e a c t o r ,  under f lowing n i t rogen  a t  a tmospheric  p r e s s u r e  
and held f o r  60  min a t  a f i n a l  hea t  t r ea tmen t  temperature  (HTT) 
between 350 and 650'C. 

For t h e  I B C  101 c o a l ,  t h e  f i r s t  s t a g e  procedure was modif ied:  a 
coal-acid s l u r r y  (30 m l  acid:20 g of c o a l )  w a s  hea t ed  t o  1 7 0  'C 
i n  t he  same r e a c t o r ,  and he ld  a t  t h i s  t empera tu re  f o r  about  30 
minutes b e f o r e  h e a t i n g  t o  t h e  f i n a l  HTT.  The c o n t e n t  o f  H2S 
r e l e a s e d  a s  g a s  w a s  mon i to red  w i t h  a HACH C a r l e  g a s  
chromatograph u s i n g  s t a n d a r d  p rocedures  f o r  c a l i b r a t i o n .  The 
s o l i d  p roduc t s  were leached with d i s t i l l e d  water t o  pH = 6 and 
vacuum d r i e d  a t  110 "C f o r  f u r t h e r  a n a l y s i s .  For comparison, 
p a r a l l e l  series of c a r b o n i z e d  c o a l s  w e r e  p r e p a r e d  by heat  
t r ea tmen t  f o r  1 h i n  flowing n i t r o g e n  (80 ml/min) a t  t h e  same 
HTT va lues .  

Coal c leaning.  
Clean c o a l  samples have been produced us ing  a l a b o r a t o r y  s c a l e  
f l o t a t i o n  u n i t .  I n  a t y p i c a l  arrangement, f u e l  o i l  or pentane is  
v igo rous ly  mixed with a coa l /wa te r  s l u r r y  t o  rendgk t h e  c o a l  
p a r t i c l e s  hydrophobic and t o  s e l e c t i v e l y  agglomerate  them. The 
agglomerated s l u r r y  i s  then  sc reened ;  t h e  f r e e  a sh  p a r t i c l e s  
flow through t h e  s c r e e n  and agglomerated c o a l  i s  r e t a i n e d .  

Charac t e r i za t ion .  
E lemen ta l  a n a l y s e s  o f  t h e  ca rbons  were c a r r i e d  o u t  u s i n g  
s t anda rd  methods. The carbons were a l s o  examined us ing  F o u r i e r  
t ransform i n f r a  r e d  spectroscopy ( F T I R )  and X-ray pho toe lec t ron  
spectroscopy (XPS). FTIR s p e c t r a  were acqu i r ed  us ing  a NICOLET 
20 SXC spectrometer  a t  4 cm-1 r e s o l u t i o n .  Pressed K B r  p e l l e t s  a t  
a sample/KBr weight  r a t i o  o f  1:ZOO were scanned  and t h e n  
normalized t o  0 . 5  mg. S p e c t r a l  s u b t r a c t i o n s  were conducted on an 
e q u i v a l e n t  weight b a s i s .  XPS a n a l y s i s  of t h e  c o a l  samples was 
c a r r i e d  o u t  i n  a Leybold-Heraus L H - 1 1  spectrometer  equipped with 
a hemispherical  ana lyze r  using Mg Ka r a d i a t i o n  (1253.6 e V )  a t  a 
p a s s  energy of 100 e V .  The powdered c o a l  samples were p res sed  
i n t o  a t h i n  wafer and were p l aced  on a s t a i n l e s s  s t ee l  sample 
holder  u s i n g  a conduct ive adhesive.  The s p e c t r a  ob ta ined  i n  a l l  
r eg ions  have been r e f e r e n c e d  t o  C l s  a t  284.3 e V  ( B E ) .  The 
i d e n t i f i c a t i o n  of t h e  v a r i o u s  chemical s p e c i e s  has  been c a r r i e d  
o u t  using NIST XPS Database Version 1 . 0  and s t anda rd  compounds. 
Po re  s t r u c t u r e  c h a r a c t e r i z a t i o n  w a s  c a r r i e d  o u t  u s i n g  n i t r o g e n  
a d s o r p t i o n  a t  77K u s i n g  an  Autoscan 6 automated a d s o r p t i o n  
appa ra tus .  

1073 



RESULTS 
Chemical and S t r u c t u r a l  Changes 
Comparison of  t h e  t h e r m a l l y - t r e a t e d  and c h e m i c a l l y - a c t i v a t e d  
carbons,  Table 1, shows t h a t  acid- t reatment  of both c o a l s  causes  
a more r a p i d  i n c r e a s e  i n  carbon con ten t  and r e d u c t i o n  i n  H / C  
a tomic r a t i o  with i n c r e a s i n g  HTT, which are more pronounced a t  
lower H T T .  The a s h  c o n t e n t s  of carbons from both p r e c u r s o r s  
i n c r e a s e  wi th  HTT, bu t  t hose  f o r  t h e  a c i d - t r e a t e d  p roduc t s  a r e  
much h ighe r ,  p a r t i c u l a r l y  a t  HTT > 450'C, and c o r r e l a t e  w i th  
inc reases  i n  P con ten t .  For both coa l s ,  acid- t reatment  up t o  HTT 
= 650 'C releases about 75% of t h e  sulphur  i n  t h e  o r i g i n a l  coa l ,  
Table 1, mainly a s  H2S, e . g . ,  Figure 1. The r e l e a s e  of s u l f u r  as 
H2S from t h e  thermally-carbonized s e r i e s  shows a s i m i l a r  t r e n d  
t o  t h a t  observed by Khan ( 2 ) .  

The F T I R  s p e c t r a  f o r  t h e  I B C  1 0 1  c o a l  and t h e  chemica l ly -  
a c t i v a t e d  carbons are shown i n  F igu re  2 .  There is  a s t r o n g  band 
a t  2 9 1 4  cm-1  i n  t h e  p a r e n t  c o a l ,  due t o  a l i p h a t i c  C-H s t r e t c h ,  
which dec reases  a t  HTT = 35OoC, while t h e  band a t  3040 cm-1 due 
t o  a r o m a t i c  C-H s t r e t c h  i n t e n s i f i e s ,  s u g g e s t i n g  t h a t  
a romat i za t ion  may be occur r ing .  The band appearing a t  1 6 9 0  cm-1 
a f t e r  HTT = 35OoC i s  due t o  carbonyl  (C=O) groups.  It  weakens i n  
i n t e n s i t y  a t  HTT = 550'C and d i sappea r s  a t  HTT = 650'C. Carbonyl 
groups have a l s o  been found b o t h  i n  S u t c l i f f e  Speakman 1 1 0  
a c t i v a t e d  carbon ( 3 )  and i n  carbons produced by a c t i v a t i o n  of  
coconut s h e l l  with phosphoric a c i d  ( 4 ) .  The d i f f e r e n c e  spectrum 
ob ta ined  by s u b t r a c t i n g  t h e  spectrum of  t h e  t h e r m a l l y - t r e a t e d  
sample from t h a t  of t h e  a c i d - t r e a t e d  sample a t  HTT = 450'C 
( F i g u r e  3 )  s u g g e s t s  t h a t  t h e  c o a l  i s  o x i d i z e d  by chemica l  
a c t i v a t i o n .  For t h e  chemica l ly -ac t iva t ed  carbons a p a r t i c u l a r l y  
s t r o n g  band appears  a t  1180 cm-1 a t  HTT = 45OoC, 550'C and 650°C. 
The o r i g i n  of  t h i s  band i s  u n c e r t a i n .  I t  may be due e i t h e r  t o  
a d d i t i o n a l  C-0 s t r e t c h ,  o r  t o  P=O groups a t t a c h e d  t o  an aromatic  
s t r u c t u r e .  The s o u r c e  of  t h e  1180 cm-1 band i s  b e i n g  
inves t  iga t ed . 

Compilations of  t h e  C l s  and P2p XPS s p e c t r a  ob ta ined  from t h e  
chemical ly-act ivated carbons from I B C  101  c o a l  a f t e r  va r ious  HTT 
a r e  i n  F igu re  4 ;  t h e s e  s p e c t r a  have been de-convoluted i n t o  
component peaks .  The C l s  s p e c t r a ,  F ig .  4 ( a )  t o  4 ( e ) ,  have been 
f i t t e d  t o  f o u r  component peaks.  The most i n t e n s e  peak, c a .  284.3 
eV, i s  a t t r i b u t e d  t o  g r a p h i t i c - t y p e  carbon s p e c i e s ;  t h e  second 
peak a t  ca .285 .8  e V  may be due t o  organophosphate s p e c i e s ;  t h e  
t h i r d  peak a t  c a .  287.9 eV c o i n c i d e s  wi th  t h a t  of  ca rbony l  
groups,  i n  agreement with t h e  FTIR r e su l t s ;  t h e  f o u r t h  peak a t  
c a .  289.1 e V  i s  due t o  carbonate  groups.  The prominent peaks a t  
c a .  133.5 ev and c a .  135 .3  e V  i n  P2p s p e c t r a ,  F i g .  4 ( a ) ' - ( b ) ' ,  
a r e  a t t r i b u t e d  t o  i n o r g a n i c  hydrophosphate groups and t o  P 2 0 5  
r e s p e c t i v e l y .  When HTT increases from 350 t o  450 'C, t h e  
hydrophosphate i n t e n s i t y  dec reases  and t h e r e  is a corresponding 
i n c r e a s e  i n  t h e  P205 i n t e n s i t y ,  sugges t ing  a dehydrat ion p rocess .  
A t  HTT = 550 and 650 'C, t h e  hydrophosphate and P205 peaks a r e  
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s t i l l  p r e s e n t ,  b u t  two a d d i t i o n a l  peaks appear  whose o r i g i n s  a r e  
u n c e r t a i n .  The peak a t  c a .  131 .6  eV could  e i t h e r  be  due t o  a 
phosphide of a t r a n s i t i o n  metal  o r  t o  a phosphorous compound i n  
a s s o c i a t i o n  with o r g a n i c  s u l f u r  s p e c i e s .  The peak a t  c a .  1 3 6 . 1  
ev may be  due t o  a P -con ta in ing  s p e c i e s  i n  a h igh  o x i d a t i o n  
s t a t e ;  work on t h e  i d e n t i f i c a t i o n  of t h e s e  peaks is  cont inuing .  

Pore S t r u c t u r e  C h a r a c t e r i z a t i o n  
BET s u r f a c e  a r e a s ,  SBET, were o b t a i n e d  from t h e  n i t r o g e n  
a d s o r p t i o n  i so therms f o r  t h e  a c t i v a t e d  carbons .  T h e  isotherms 
were a l s o  analyzed by t h e  a, method (5)  t o  y i e l d  non-microporous 
s u r f a c e  a r e a s ,  SIBET,  and micropore volumes, V,, Table  2 .  Both 
ca rbon  s e r i e s  are d o m i n a n t l y  m i c r o p o r o u s ,  a l t h o u g h  t h e  
development of m i c r o p o r o s i t y  i s  more e x t e n s i v e  f o r  t h e  carbons 
produced from t h e  Wyodak c o a l .  The e x t e n t s  of mesoporosi ty  i n  
t h e  two s e r i e s  ( i n d i c a t e d  by S'BET va lues)  a r e  comparable f o r  HTT 
> 4 5 0  'C. For b o t h  ca rbon  s e r i e s  SBET and S 'BET p a s s  through 
maxima below HTT = 650°C, a s  observed by o t h e r s  ( 4 ) .  However, 
t h e  e f f e c t  of HTT on s u r f a c e  a r e a  i s  obscured by t h e  s u b s t a n t i a l  
ash c o n t e n t s  of t h e  a c t i v a t e s ,  Table  1. Assuming t h a t  t h e  ash  
makes a n e g l i g i b l e  c o n t r i b u t i o n  t o  n i t r o g e n  a d s o r p t i o n ,  t h e  
s u r f a c e  a r e a s  can  be r e c a l c u l a t e d  on a d r y ,  a s h - f r e e  ( d a f )  
b a s i s ,  Table  2 .  T h e  c o r r e c t e d  d a t a  show t h a t ,  f o r  t h e  Wyodak 
c o a l  s e r i e s ,  t h e  maximum i n  SBET is  s h i f t e d  t o  a h i g h e r  HTT, 
whi le ,  f o r  t h e  I B C  c o a l  s e r i e s ,  t h e  maximum d i s a p p e a r s  ( o r  i s  
poss ib ly  s h i f t e d  t o  HTT > 650 " C ) .  SBET values  for t h e  thermally-  
t r e a t e d  c o a l s  (no t  shown i n  Table 2 )  i n c r e a s e  with HTT up t o  50 
m2/g f o r  t h e  Wyodak c o a l  s e r i e s  and up t o  24  m*/g for t h e  I B C  101 
c o a l  s e r i e s .  The r e s u l t s  i n d i c a t e  t h a t  t h e  t h e r m a l l y - t r e a t e d  
carbons conta in  narrow micropores and n e g l i g i b l e  mesoporosity.  

The da ta  i n  Tables  1 and 2 show t h a t  c o a l  c l e a n i n g  by f l o t a t i o n  
s u b s t a n t i a l l y  reduces t h e  ash  conten t  of t h e  p a r e n t  IBC 101 c o a l  
by 6 1 % ;  t h e  a s h  c o n t e n t  of t h e  c h e m i c a l l y - t r e a t e d  carbon 
produced from t h e  c leaned  c o a l  a t  HTT = 550 O C  is  reduced by 55% 
when compared with t h a t  f o r  t h e  a c t i v a t e  formed from t h e  p a r e n t  
c o a l  a t  t h e  same HTT. Table  2 shows t h a t  c o a l  c l e a n i n g  produces 
a s i g n i f i c a n t  i n c r e a s e s  i n  both SaET and SIBET. 

DISCUSSION 
Chemical a n a l y s e s  and F T I R  r e s u l t s  show t h a t  phosphoric  a c i d  
t reatment  of t h e  c o a l s  promotes a romat iza t ion  and carboniza t ion  
a t  low H T T .  Evidence f o r  a c c e l e r a t e d  c a r b o n i z a t i o n  i s  a l s o  
provided by r e f l e c t a n c e  measurements on t h e  subbituminous c o a l  
( 6 ) .  The p r o c e s s e s  o c c u r r i n g  dur ing  t h e  r e a c t i o n  of phosphoric  
a c i d  a t  low t e m p e r a t u r e s  a r e  p r o b a b l y  ana logous  t o  a c i d -  
c a t a l y z e d  c r a c k i n g  r e a c t i o n s  i n  c o a l  l i q u e f a c t i o n  us ing  Lewis 
a c i d s .  Acid c a t a l y s t s  can  promote r u p t u r e  of methylenic ,  e t h e r i c  
and t h i o e t h e r i c  l i n k a g e s  between c y c l i c  s t r u c t u r e s  i n  c o a l  by 
i o n i c  mechanisms which involve  p r o t o n a t i o n  fo l lowed  by bond 
s c i s s i o n  (7). Proton  donat ion  from phosphoric  a c i d  t o  a romat ic  
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e n t i t i e s ,  -AI?-, i n  t h e  c o a l  s t r u c t u r e  is  c o n s i s t e n t  wi th  t h e  
XPS evidence f o r  i n o r g a n i c  hydrophosphates; t h e  r e a c t i o n s  can  be 
r e p r e s e n t e d  a s :  

A r - .  .. + H3POs = ...-( A r H ) + -  ... + HZPOs-. 

I n  t h e  p r e s e n t  case, it i s  l i k e l y  t h a t  bond s c i s s i o n  w i l l  be  
fo l lowed by r a p i d  condensa t ion  of aromatic fragments t o  form a 
s t r o n g l y  c ros s - l inked  s o l i d  product  a t  much lower t empera tu res  
t h a n  a r e  r e q u i r e d  f o r  thermal  decomposition of t h e  c o a l .  The 
i n d i c a t i o n s  f r o m  FTIR a n d  XPS f o r  t h e  p r e s e n c e  o f  
organophosphorus e n t i t i e s  sugges t  t h a t  d i r e c t  r e a c t i o n s  between 
phosphoric a c i d  and t h e  c o a l  structure a l s o  occur, p a r t i c u l a r l y  
a t  h igh  tempera tures .  The formation of a n  e x t e n s i v e  c ros s - l inked  
network a t  low tempera tures  i n  t h e  chemical a c t i v a t i o n  p r o c e s s  
may be  l i n k e d  t o  t h e  e a r l y  development o f  s i g n i f i c a n t  open 
mic roporos i ty .  By c o n t r a s t ,  t h e  condensa t ion  p r o c e s s e s  which 
accompany t h e r m a l  c a r b o n i z a t i o n  o c c u r  a t  much h i g h e r  
tempera tures  and l e a d  t o  s i g n i f i c a n t  shr inkage  and format ion  of  
a c l o s e d  mic ropore  network which c a n  o n l y  be  deve loped  by 
subsequent thermal  a c t i v a t i o n .  

CONCLUSIONS 
There a r e  clear d i f f e r e n c e s  i n  p o r o s i t y  development between t h e  
the rma l ly -ca rbon ized  and  c h e m i c a l l y - a c t i v a t e d  c o a l s ,  which 
r e f l e c t  d i f f e r e n c e s  i n  s t r u c t u r a l  development.  Acid- t rea tment  
causes  t h e  r u p t u r e  of  l inkages  i n  t h e  c o a l  s t r u c t u r e ,  l e a d i n g  t o  
adduct ion  and tke e a r l y  development o f  a s t r o n g l y  c ros s - l inked  
s o l i d  product .  T h i s  process  i s  accompanied by t h e  development o f  
h i g h  s u r f a c e  a r e a s  a t  moderate HTT. Work on e l u c i d a t i n g  t h e  
mechanisms of t h e  chemical a c t i v a t i o n  process  i s  cont inuing .  
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TABLE 1. CHEMICAL ANALYSIS OF COALS AND CARBONS ( w t % )  

Material  HTT C H N S P A s h  - 
P a r e n t  coal 

T h e r m a l l y  350  
t rea ted  450 
c a r b o n s  550 

650 

C h e m i c a l l y  350 
t rea ted  450 
c a r b o n s  550 

650 - 
P a r e n t  coal 

T h e r m a l l y  350 
treated 450 
c a r b o n s  550 

C h e m i c a l l y  350 
t rea ted  450 
c a r b o n s  550 

650 

C l e a n e d  pa ren t  
C l e a n  c a r b o n  550 

7 4 . 3  

77 .7  
82 .6  
91.6 
9 4 . 1  

8 7 . 7  
9 1 . 1  
94 .4  
9 4 . 6  

7 9 . 8  

78.8 
86.5 
91 .1  

8 7 . 1  
86 .9  
93.4 

102.7 

78.0 
8 8 . 9  

5 . 0  

3 . 8  
2 . 9  
2 . 0  
1 . 5  

2.3 
1 .7  
1 . 3  
0 . 4  

5 . 2  

4.9 
3 .1 
2 .2  

3 .8  
2.5 
1 . 4  
0 . 9  

5 .2  
1 . 9  

1 .0  1 . 2  0 . 0 3  

1 . 2  1.1 0 . 0 1  
1 . 3  0 . 9  0 . 0 1  
1 . 5  1 . 2  0 . 0 1  
1 . 4  1 . 2  0 . 3  

1 . 2  0 . 8  1 .4  
0 . 9  0 . 5  1 . 4  
0 . 9  0 . 3  4 . 7  
1.1 0 . 3  4 . 4  

1.4 5 . 2  0 . 0  

1 . 4  4 . 6  0 . 0 1  
1 . 7  3 . 7  0 . 0 1  
1 . 9  4.7 0 . 0 1  

1 . 5  2 . 9  2 . 5  
1 . 2  1 . 6  5 . 1  
1 . 4  1 . 2  3.9.- 
1 . 4  1 . 2  7 . 2  

1 . 4  4 .4  0 . 0 3  
1.1 0 . 9  1 . 5  

8 .2  

8 . 0  
9 . 3  

1 1 . 9  
1 1 . 9  

9.7 
7 . 3  

1 7 . 6  
1 5 . 9  

1 0 . 5  

1 0 . 2  
1 3 . 6  
1 5 . 1  

1 5 . 8  
2 6 . 6  
2 0 . 8  
3 1 . 1  

4 . 1  
9 .2 

TABLE 2 .  ADSORPTION PARAMETERS FOR CHEMICALLY-ACTIVATED CARBONS - 350 416 3 1  0 . 1 7  4 6 1  34 
450 7 9 1  54 0.32 853 58 
550  7 3 1  47 0 . 3 0  887 57 
650 7 1 8  34 0 .30  854 40 - 350 2 1 >0.01 2 1 
450 4 0 1  25 0 . 1 4  546  34 
550 5 7 5  56 0 . 2 0  726  7 1  
650 5 3 9  46 0 . 1 9  782 67 

C l e a n e d  coal 550 63 8 96 0 . 2 1  703 106 
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Flgure 1. LlberaUon of aullur as H2S 

Ths work: A (acid treated coal). 0 (no acid ueatmenl) 

0 ~ h a n  (2). (no acid esament) 

Figure 2. Infrared spectra of activated carbon prepared by chemlcal activation with 
phosphoffc acid 81 350. 450. 550 and 650% along with parenl mal. 

1078 



IBC- 101 

*5oc 
ACID TREATED 

k50C 
THERMAL BLANK 
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WflVENUMBEA 
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ACID TREATED 

k50C 
THERMAL BLANK 

$600 3270 ZSUO le10 lb80 450 
WflVENUMBEA 

kSOC K I D  TREATEO 
MINUS THERMAL BLANK 

Figure 3. Infrared spectra of chemically activated carbon and thermally carbonized carbon at 
450°C and a difference spectrum of chemically activated carbon minus thermal blank. 
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Figure 4 .  W S  s p e c t r a  for carbons produced from IBC 101  c o a l .  
HTT(OC) : 350 ( a )  ( a ' ) ;  450  (b) (b'); 550 ( c )  ( c ' ) ;  550 
(c leaned c o a l )  (d)  (d'); 650 ( e )  ( e ' ) .  
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